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1
STABILIZATION OF RESISTIVE MEMORY

PRIORITY INFORMATION

This application is a Continuation of U.S. application Ser.
No. 13/275,901, filed Oct. 18, 2011, the contents of which are
included herein by reference.

TECHNICAL FIELD

The present disclosure relates generally to semiconductor
memory apparatuses and methods, and more particularly, to
stabilization of resistive memory.

BACKGROUND

Memory devices are typically provided as internal, semi-
conductor, integrated circuits and/or external removable
devices in computers or other electronic devices. There are
many different types of memory including random-access
memory (RAM), read only memory (ROM), dynamic ran-
dom access memory (DRAM), synchronous dynamic ran-
dom access memory (SDRAM), flash memory, and resistive
(e.g., resistance variable) memory, among others. Types of
resistive memory include programmable conductor memory,
phase change random access memory (PCRAM), resistive
random access memory (RRAM), magnetoresistive random
access memory (MRAM; also referred to as magnetic random
access memory), and conductive-bridging random access
memory (CBRAM), among others.

Memory devices can be utilized as volatile and non-vola-
tile memory for a wide range of electronic applications in
need of high memory densities, high reliability, and low
power consumption. Non-volatile memory may be used in,
for example, personal computers, portable memory sticks,
solid state drives (SSDs), personal digital assistants (PDAs),
digital cameras, cellular telephones, portable music players
(e.g., MP3 players) and movie players, among other elec-
tronic devices. Data, such as program code, user data, and/or
system data, such as a basic input/output system (BIOS), are
typically stored in non-volatile memory devices.

Resistive memory such as RRAM includes resistive
memory cells that can store data based on the resistance state
of'a storage element (e.g., a resistive memory element having
a variable resistance). As such, resistive memory cells can be
programmed to store data corresponding to a desired state by
varying the resistance level of the resistive memory element.
Resistive memory cells can be programmed to a target data
state (e.g., corresponding to a particular resistance state) by
applying sources of an electrical field or energy, such as
positive or negative electrical pulses (e.g., positive or negative
voltage or current pulses) to the cells (e.g., to the resistive
memory element of the cells) for a particular duration.

One of a number of programmed states (e.g., resistance
states) can be set for a resistive memory cell. For example, a
single level cell (SL.C) may be programmed to one of two data
states (e.g., logic 1 or 0), which can depend on whether the
cell is programmed to a resistance above or below a particular
level. As an additional example, various resistive memory
cells can be programmed to one of multiple different resis-
tance states corresponding to multiple data states. Such cells
may be referred to as multi state cells, multi-digit cells, and/or
multilevel cells (MLCs), and can represent multiple binary
digits of data (e.g., 10,01, 00, 11, 111, 101, 100, 1010, 1111,
0101, 0001, etc.).

The data state of a resistive memory cell can be determined
(e.g., read) by sensing current through the cell responsive to
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an applied interrogation voltage. The sensed current, which
varies based on the resistance level of the cell, can indicate the
data state of the cell. However, in previous resistive memory
approaches (e.g., previous MLC resistive memory
approaches), as a resistive memory cell undergoes sensing
over time and/or disturb from programming and/or erase
operations on adjacent cells, the resistance level of the cell
(e.g., of the resistance memory element of the cell) may shift
due to, for example, the formation of a weak conductive
filament in the resistance memory element. Such a resistance
shift can result in a drift of the sensed (e.g., read) current
through the cell, which can result in an erroneous determina-
tion of the data state of the cell. For example, the sensed
current drift can result in a determination that the cell isin a
data state other than the target data state to which the cell was
programmed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a portion of an array of
resistive memory cells in accordance with one or more
embodiments of the present disclosure.

FIG. 2A is a graph illustrating read currents associated with
resistive memory cells programmed in accordance with prior
approaches.

FIG. 2B is a graph illustrating read currents associated with
resistive memory cells programmed in accordance with one
or more embodiments of the present disclosure.

FIG. 3 illustrates a timing diagram associated with operat-
ing resistive memory cells in accordance with one or more
embodiments of the present disclosure.

FIG. 4 illustrates a timing diagram associated with operat-
ing resistive memory cells in accordance with one or more
embodiments of the present disclosure.

FIG. 5 illustrates a timing diagram associated with operat-
ing resistive memory cells in accordance with one or more
embodiments of the present disclosure.

FIG. 6 illustrates a timing diagram associated with operat-
ing resistive memory cells in accordance with one or more
embodiments of the present disclosure.

FIG. 7 illustrates a block diagram an apparatus in the form
of'a memory device in accordance with one or more embodi-
ments of the present disclosure.

DETAILED DESCRIPTION

The present disclosure includes apparatuses and methods
including stabilization of resistive memory. A number of
embodiments include applying a programming signal to a
resistive memory cell, wherein the programming signal
includes a first portion having a first polarity and a second
portion having a second polarity, wherein the second polarity
is opposite the first polarity.

A number of embodiments of the present disclosure can
stabilize the programmed resistance state of a resistive
memory cell such that the cell may not experience a, or may
experience a reduced, sensed (e.g., read) current drift after a
number of read operations, as in some prior approaches. For
example, a number of embodiments of the present disclosure
can reduce and/or prevent the formation of weak conductive
filaments associated with the cell. As such, embodiments of
the present disclosure can provide benefits such as increased
accuracy and/or reliability (e.g., decreased error rate), and/or
increased memory life, among other benefits.

In the following detailed description of the present disclo-
sure, reference is made to the accompanying drawings that
form a part hereof, and in which is shown by way of illustra-
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tion how a number of embodiments of the disclosure may be
practiced. These embodiments are described in sufficient
detail to enable those of ordinary skill in the art to practice the
embodiments of this disclosure, and it is to be understood that
other embodiments may be utilized and that process, electri-
cal, and/or structural changes may be made without departing
from the scope of the present disclosure.

As used herein, “a number of” something can refer to one
or more such things. For example, a number of memory cells
can refer to one or more memory cells. Additionally, the
designators “M” and “N” as used herein, particularly with
respect to reference numerals in the drawings, indicates that a
number of the particular feature so designated can be
included with a number of embodiments of the present dis-
closure.

The figures herein follow a numbering convention in which
the first digit or digits correspond to the drawing figure num-
ber and the remaining digits identify an element or compo-
nent in the drawing. Similar elements or components between
different figures may be identified by the use of similar digits.
For example, 100 may reference element “00” in FIG. 1, and
a similar element may be referenced as 600 in FIG. 6. As will
be appreciated, elements shown in the various embodiments
herein can be added, exchanged, and/or eliminated so as to
provide a number of additional embodiments of the present
disclosure. In addition, as will be appreciated, the proportion
and the relative scale of the elements provided in the figures
are intended to illustrate the embodiments of the present
disclosure, and should not be taken in a limiting sense.

FIG. 1 is a block diagram of a portion of an array 100 of
resistive memory cells 106 in accordance with one or more
embodiments of the present disclosure. In the example illus-
trated in FIG. 1, array 100 is a cross-point array having
resistive memory cells 106 located at the intersections of a
first number of conductive lines 102-0, 102-1, . . ., 102-N
(e.g., access lines, which may be referred to herein as word
lines), and a second number of conductive lines 104-0,
104-1, . . ., 104-M (e.g., data/sense lines, which may be
referred to herein as bit lines). As illustrated in FIG. 1, word
lines 102-0, 102-1, . . ., 102-N are substantially parallel to
each other and are substantially orthogonal to bit lines 104-0,
104-1, . . . , 104-M, which are substantially parallel to each
other; however, embodiments are not so limited. In the
embodiment illustrated in FIG. 1, resistive memory cells 106
can function in a two-terminal architecture (e.g., with a par-
ticular word line 102-0, 102-1, . . ., 102-N and bit line 104-0,
104-1, . . ., 104-M serving as a bottom and top electrode for
the cell).

Each resistive memory cell 106 can include a storage ele-
ment (e.g., a resistive memory element) coupled (e.g., in
series) to a select device (e.g., an access device). The access
device can be, for example, a diode or a transistor (e.g., a field
effect transistor (FET) or bipolar junction transistor (BJT)),
among others. The storage element can include a program-
mable portion that may have a variable resistance, for
example. For instance, the storage element can include one or
more resistance variable materials (e.g., a material program-
mable to multiple different resistance states, which can rep-
resent multiple different data states) such as, for example, a
transition metal oxide material or a perovskite including two
or more metals (e.g., transition metals, alkaline earth metals,
and/or rare earth metals). Other examples of resistance vari-
able materials that can be included in the storage element of
resistive memory cells 106 can include various materials
employing trapped charges to modify or alter conductivity,
chalcogenides formed of various doped or undoped materials,
binary metal oxide materials, colossal magnetoresistive
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materials, and/or various polymer based resistive variable
materials, among others. Embodiments are not limited to a
particular resistance variable material or materials. As such,
resistive memory cells 106 can be single level and/or multi-
level resistive random access memory (RRAM) cells, pro-
grammable conductor memory cells, phase change random
access memory (PCRAM) cells, magnetoresistive random
access memory cells, and/or conductive-bridging random
access memory (CBRAM) cells, among various other types
of resistive memory cells.

In operation, resistive memory cells 106 of array 100 can
be programmed via programming signals (e.g., write voltage
and/or current pulses) applied to the cells (e.g., the storage
element of the cells) via selected word lines 102-0,
102-1,...,102-N and bit lines 104-0,104-1, . .., 104-M. The
amplitude (e.g., magnitude), duration (e.g., width), and/or
number of programming pulses, for example, applied to resis-
tive memory cells 106 can be adjusted (e.g., varied) in order
to program the cells to one of a number of different resistance
states corresponding to particular data states. Programming
pulses in accordance with one or more embodiments of the
present disclosure will be further described herein (e.g., in
connection with FIGS. 3-6).

A sensing (e.g., program verify and/or read) operation can
be used to determine the data state of a resistive memory cell
106 (e.g., the resistance state of the storage element of a
resistive memory cell 106) by a magnitude of sensing (e.g.,
read) current, for example, on a bit line 104-0, 104-1, . . .,
104-M corresponding to the respective cell responsive to a
particular voltage applied to the selected word line 102-0,
102-1, . . ., 102-N to which the selected cell is coupled.
Sensing operations can also include biasing unselected word
lines and bit lines at particular voltages in order to determine
the data state of the selected cell. Sensing (e.g., program
verify) pulses in accordance with one or more embodiments
of the present disclosure will be further described herein.

FIG. 2A is a graph 201 illustrating read currents associated
with resistive memory cells programmed in accordance with
prior approaches. In the example shown in FIG. 2A, the
resistive memory cells have been programmed to one of four
different states (e.g., a high resistance state, a low resistance
state, and two different intermediate resistance states within
two different respective target windows between the high and
low resistance states) in accordance with previous
approaches.

As shown in FIG. 2A, after a particular number of read
operations are performed on the resistive memory cells pro-
grammed to the intermediate states in accordance with pre-
vious approaches, these cells may exhibit read current drift
(e.g., the read current associated with these cells may move
outside the target windows of'the cells). The read current drift
may result from, for example, a shift in the resistance level
(e.g., a change from the programmed resistance level) of these
cells due to, for instance, read disturb and/or the formation of
weak conductive filaments in the cells, among other causes.
As aresult ofthe read current drift, read operations performed
on these cells may result in erroneous determinations of the
data state of the cells (e.g., determinations that the cells are in
a data state other than the target data state to which the cells
were programmed).

FIG. 2B is a graph 203 illustrating read currents associated
with resistive memory cells programmed in accordance with
one or more embodiments of the present disclosure. In the
example shown in FIG. 2B, the resistive memory cells have
been programmed to one of four data different states (e.g., a
high resistance state, a low resistance state, and two different
intermediate resistance states) in accordance with one or
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more embodiments of the present disclosure (e.g., using one
ormore of the programming signals further described herein).

As shown in FIG. 2B, the resistive memory cells pro-
grammed in accordance with one or more embodiments of the
present disclosure do not exhibit or exhibit reduced read
current drift (e.g., the read current associated with the cells
remains within the target window of the cells) as read opera-
tions are performed on the cells. For example, the cells may
not undergo read disturb and/or the formation of weak con-
ductive filaments in the cells, which can reduce and/or pre-
vent a shift in the resistance level of the cells. Because the
cells do not exhibit read current drift, or exhibit reduced read
current drift, the cells may have increased accuracy, reliabil-
ity, and/or cell life, among other benefits.

FIG. 3 illustrates a timing diagram 310 associated with
operating resistive memory cells in accordance with one or
more embodiments of the present disclosure. Timing diagram
310 includes a programming signal 311. In this example,
programming signal 311 includes pulses 312 and 314. As an
example, programming signal 311 can be used in association
with programming resistive memory cells such as resistive
memory cells 106 of array 100 previously described in con-
nection with FIG. 1.

Programming pulses 312 and 314 can be applied to a
selected resistive memory cell in order to program the cell to
a resistance state corresponding to a target data state. In this
example, pulse 312 of signal 311 has a positive polarity (e.g.,
pulse 312 is a positive pulse), an amplitude of approximately
2.0 Volts (V), and a duration (e.g., width) of approximately
1.0 microseconds (us). However, embodiments of the present
disclosure are not limited to a particular amplitude or duration
for pulse 312, which can be referred to as a programming
pulse 312. As an example, pulse 312 can be a set program-
ming pulse (e.g., a pulse used to program a cell from a high
resistance reset state to one of a number of lower resistance
states between the reset state and a low resistance set state).

Programming signal 311 includes pulse 314, which can be
referred to as a stabilization pulse 314. In the embodiment
illustrated in FIG. 3, stabilization pulse 314 is applied to the
selected resistive memory cell immediately after program-
ming pulse 312 is applied to the cell. That is, programming
pulse 312 and stabilization pulse 314 can be applied to the
selected resistive memory cell as a combined pulse.

As shown in FIG. 3, the polarity of stabilization pulse 314
is opposite the polarity of programming pulse 312 (e.g., sta-
bilization pulse 314 is a negative pulse). As an example,
stabilization pulse 314 can have an amplitude of approxi-
mately —0.5 V and a duration of approximately 10.0 us, as
illustrated in FIG. 3. That is, stabilization pulse 314 can have
a smaller amplitude and/or a longer duration than program-
ming pulse 312. However, embodiments of the present dis-
closure are not limited to a particular amplitude or duration
for stabilization pulse 314. In a number of embodiments, the
amplitude and duration of stabilization pulse 314 can depend
on factors such as the type of resistive memory cell, among
other factors. As an example, in a number of embodiments,
the amplitude of stabilization pulse 314 can be increased as
the duration of stabilization pulse 314 is decreased, and vice
versa.

Applying stabilization pulse 314 to the selected resistive
memory cell can provide stabilization of the programmed
resistance state of the cell. For example, applying stabiliza-
tion pulse 314 to the selected resistive memory cell can
reduce and/or prevent a shift of the resistance level (e.g., a
change from the programmed target resistance state) of the
cell due to read disturb, for example. For instance, as previ-
ously described in connection with FIG. 2A, various resistive
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memory cells can exhibit read current drift after a particular
number of read operations performed on the cell. A number of
embodiments of the present disclosure that include applica-
tion of a stabilization pulse such as pulse 314 can provide
benefits such as reducing the read current drift associated
with read operations, which can increase the accuracy and/or
reliability (e.g., decrease the error rate), of resistive memory
cells, among other benefits.

In a number of embodiments, signal 311 can include a
program verify pulse (not shown in FIG. 3) used to determine
whether the selected resistive memory cell has reached the
target state. If not, a subsequent programming pulse and/or
stabilization pulse can be applied to the selected resistive
memory cell, followed by another program verify pulse, until
the cell reaches the target state.

Although voltage pulses are shown in FIG. 3, embodiments
of the present disclosure are not so limited. For example,
programming signal 311 could include current pulses.

FIG. 4 illustrates a timing diagram 420 associated with
operating resistive memory cells in accordance with one or
more embodiments of the present disclosure. Timing diagram
420 includes a programming signal 411. In this example,
programming signal 411 includes pulses 422, 424, 426, and
428. As an example, programming signal 411 can be used in
association with programming resistive memory cells such as
resistive memory cells 106 of array 100 previously described
in connection with FIG. 1.

Programming pulses 422,424, 426, and 428 can be applied
to a selected resistive memory cell in order to program the cell
to a resistance state corresponding to a target data state. In this
example, pulse 422 of signal 421 can be analogous to pro-
gramming pulse 312 previously described in connection with
FIG. 3.

Programming signal 421 includes pulse 424, which can be
referred to as a program verify pulse 424. In the embodiment
illustrated in FIG. 4, program verify pulse 424 is applied to
the selected resistive memory cell after programming pulse
422 is applied to the cell.

As shown in FIG. 4, as an example, program verify pulse
424 can have a smaller amplitude and/or a longer duration
than programming pulse 422. However, embodiments of the
present disclosure are not limited to a particular amplitude or
duration for program verify pulse 424.

Program verify pulse 424 can be used to determine whether
the selected resistive memory cell has reached the target state.
If not, a subsequent programming pulse can be applied to the
selected resistive memory cell, and followed by another pro-
gram verify pulse, until the cell reaches the target state.

Programming signal 421 includes pulse 426, which can be
referred to as a stabilization pulse 426. In the embodiment
illustrated in FIG. 4, stabilization pulse 426 is applied to the
selected resistive memory cell after program verify pulse 424
is applied to the cell. That is, programming pulse 422 and
stabilization pulse 426 can be applied to the selected resistive
memory cell as separate pulses.

Stabilization pulse 426 can be analogous to stabilization
pulse 314 previously described in connection with FIG. 3.
Applying stabilization pulse 426 to the selected resistive
memory cell can provide stabilization of the programmed
resistance state of the cell, in a manner analogous to that
previously described in connection with FIG. 3.

Programming signal 421 includes pulse 428, which can be
referred to as a program verify pulse 428. In the embodiment
illustrated in FIG. 4, program verify pulse 428 is applied to
the selected resistive memory cell after stabilization pulse
426 is applied to the cell.
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As shown in FIG. 4, the polarity of program verity pulse
428 is the same as the polarity of program verify pulse 424
(e.g., program verify pulse 428 is a positive pulse). As an
example, program verify pulse 428 can have a smaller ampli-
tude and/or a longer duration than programming pulse 422, as
illustrated in FIG. 4 (e.g., program verify pulse 428 can have
the same amplitude and/or duration as program verify pulse
424). However, embodiments of the present disclosure are not
limited to a particular amplitude or duration for program
verify pulse 428.

Program verify pulse 428 can be used to determine whether
the selected resistive memory cell has remained in the target
state. For example, program verify pulse 428 can be used to
determine whether the resistance state of the cell has switched
from the target resistance state (e.g., from a low resistance
state to a high resistance state).

If the selected resistive memory cell has not remained in
the target state (e.g., if the resistance state of the cell has
switched from a low state to a high state), the programmed
resistance state of the cell may not be stabilized. In such
instances, an additional programming pulse and an additional
stabilization pulse can be applied to the cell (e.g., after pro-
gram verity pulse 428 is applied to the cell) to program and
stabilize the cell again. The polarity of the additional stabili-
zation pulse (not shown in FIG. 4) can be the same as the
polarity of stabilization pulse 426 (e.g., the additional stabi-
lization pulse can be a negative pulse). As an example, the
additional stabilization pulse can have a different amplitude
and/or a different duration than stabilization pulse 426.

If the selected resistive memory cell has remained in the
target state (e.g., if the resistance state of the cell has not
switched), the programmed resistance state of the cell may be
stabilized. In such instances, it may be unnecessary to apply
an additional stabilization pulse to the cell (e.g., no additional
stabilization pulse may be applied to the cell).

Although voltage pulses are shown in FIG. 4, embodiments
of the present disclosure are not so limited. For example,
programming signal 421 could include current pulses.

FIG. 5 illustrates a timing diagram 530 associated with
operating resistive memory cells in accordance with one or
more embodiments of the present disclosure. Timing diagram
530 includes a programming signal 531. In this example,
programming signal 531 includes pulses 532 and 534. As an
example, programming signal 531 can be used in association
with programming resistive memory cells such as resistive
memory cells 106 of array 100 previously described in con-
nection with FIG. 1.

Programming pulses 532 and 534 can be applied to a
selected resistive memory cell in order to program the cell to
a resistance state corresponding to a target data state. In this
example, pulse 532 of signal 531 has a negative polarity (e.g.,
pulse 532 is a negative pulse), an amplitude of approximately
-2.0 Volts (V), and a duration (e.g., width) of approximately
1.0 microseconds (us). However, embodiments of the present
disclosure are not limited to a particular amplitude or duration
for pulse 312. For example, pulse 532 can have an amplitude
of approximately —1.5 V to approximately —2.0 V.

Pulse 532 can be referred to as a programming pulse 532.
As an example, pulse 532 can be a reset programming pulse
(e.g., a pulse used to program a cell from a low resistance set
state to one of a number of higher resistance states between
the set state and a high resistance reset state).

Programming signal 531 includes pulse 534, which can be
referred to as a stabilization pulse 534. In the embodiment
illustrated in FIG. 5, stabilization pulse 534 is applied to the
selected resistive memory cell immediately after program-
ming pulse 532 is applied to the cell. That is, programming
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pulse 532 and stabilization pulse 534 can be applied to the
selected resistive memory cell as a combined pulse.

As shown in FIG. 5, the polarity of stabilization pulse 534
is opposite the polarity of programming pulse 532 (e.g., sta-
bilization pulse 534 is a positive pulse). As an example, sta-
bilization pulse 534 can have an amplitude of approximately
1.4V and a duration of approximately 1.0 ps, as illustrated in
FIG. 5. That is, stabilization pulse 534 can have a smaller
amplitude than and/or the same duration as programming
pulse 532. However, embodiments of the present disclosure
are not limited to a particular amplitude or duration for sta-
bilization pulse 534. In a number of embodiments, the ampli-
tude and duration of stabilization pulse 534 can depend on
factors such as the type of resistive memory cell, among other
factors. As an example, in a number of embodiments, the
amplitude of stabilization pulse 534 can be increased as the
duration of stabilization pulse 534 is decreased, and vice
versa.

Applying stabilization pulse 534 to the selected resistive
memory cell can provide stabilization of the programmed
resistance state of the cell, in a manner analogous to that
previously described in connection with FIG. 3.

In a number of embodiments, signal 531 can include a
program verify pulse (not shown in FIG. 5) used to determine
whether the selected resistive memory cell has reached the
target state. If not, a subsequent programming pulse and/or
stabilization pulse can be applied to the selected resistive
memory cell, followed by another program verify pulse, until
the cell reaches the target state.

Although voltage pulses are shown in FIG. 5, embodiments
of the present disclosure are not so limited. For example,
programming signal 531 could include current pulses.

FIG. 6 illustrates a timing diagram 640 associated with
operating resistive memory cells in accordance with one or
more embodiments of the present disclosure. Timing diagram
640 includes a programming signal 641. In this example,
programming signal 641 includes pulses 642, 644, 646, and
648. As an example, programming signal 641 can be used in
association with programming resistive memory cells such as
resistive memory cells 106 of array 100 previously described
in connection with FIG. 1.

Programming pulses 642, 644, 646, and 648 can be applied
to a selected resistive memory cell in order to program the cell
to a resistance state corresponding to a target data state. In this
example, pulse 642 of signal 641 can be analogous to pro-
gramming pulse 532 previously described in connection with
FIG. 5.

Programming signal 641 includes pulse 644, which can be
referred to as a program verify pulse 644. In the embodiment
illustrated in FIG. 6, program verify pulse 644 is applied to
the selected resistive memory cell after programming pulse
642 is applied to the cell.

As shown in FIG. 6, as an example, program verify pulse
644 can have a smaller amplitude and/or a longer duration
than programming pulse 642. However, embodiments of the
present disclosure are not limited to a particular amplitude or
duration for program verify pulse 644.

Program verify pulse 644 can be used to determine whether
the selected resistive memory cell has reached the target state.
If not, a subsequent programming pulse can be applied to the
selected resistive memory cell, and followed by another pro-
gram verify pulse, until the cell reaches the target state.

Programming signal 641 includes pulse 646, which can be
referred to as a stabilization pulse 646. In the embodiment
illustrated in FIG. 6, stabilization pulse 646 is applied to the
selected resistive memory cell after program verify pulse 644
is applied to the cell. That is, programming pulse 642 and
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stabilization pulse 646 can be applied to the selected resistive
memory cell as separate pulses.

Stabilization pulse 646 can be analogous to stabilization
pulse 534 previously described in connection with FIG. 5.
Applying stabilization pulse 646 to the selected resistive
memory cell can provide stabilization of the programmed
resistance state of the cell, in a manner analogous to that
previously described in connection with FIG. 3.

Programming signal 641 includes pulse 648, which can be
referred to as a program verify pulse 648. In the embodiment
illustrated in FIG. 6, program verify pulse 648 is applied to
the selected resistive memory cell after stabilization pulse
646 is applied to the cell.

As shown in FIG. 6, the polarity of program verity pulse
648 is the same as the polarity of program verify pulse 644
(e.g., program verity pulse 648 is a negative pulse). As an
example, program verify pulse 648 can have a smaller ampli-
tude and/or a longer duration than programming pulse 642, as
illustrated in FIG. 6 (e.g., program verify pulse 648 can have
the same amplitude and/or duration as program verify pulse
644). However, embodiments of the present disclosure are not
limited to a particular amplitude or duration for program
verify pulse 648.

Program verify pulse 648 can be used to determine whether
the selected resistive memory cell has remained in the target
state. For example, program verify pulse 648 can be used to
determine whether the resistance state of the cell has switched
from the target resistance state (e.g., from a high resistance
state to a low resistance state).

If the selected resistive memory cell has not remained in
the target state (e.g., if the resistance state of the cell has
switched from a high state to a low state), the programmed
resistance state of the cell may not be stabilized. In such
instances, an additional programming pulse and an additional
stabilization pulse can be applied to the cell (e.g., after pro-
gram verity pulse 648 is applied to the cell) to program and
stabilize the cell again. The polarity of the additional stabili-
zation pulse (not shown in FIG. 6) can be the same as the
polarity of stabilization pulse 646 (e.g., the additional stabi-
lization pulse can be a positive pulse). As an example, the
additional stabilization pulse can have a different amplitude
and/or a different duration than stabilization pulse 646.

If the selected resistive memory cell has remained in the
target state (e.g., if the resistance state of the cell has not
switched), the programmed resistance state of the cell may be
stabilized. In such instances, it may be unnecessary to apply
an additional stabilization pulse to the cell (e.g., no additional
stabilization pulse may be applied to the cell).

Although voltage pulses are shown in FIG. 6, embodiments
of the present disclosure are not so limited. For example,
programming signal 641 could include current pulses.

FIG. 7 illustrates a block diagram of an apparatus in the
form of a memory device 760 in accordance with one or more
embodiments of the present disclosure. As shown in FIG. 7,
memory device 760 includes a memory array 700 and a
controller 762 coupled to memory array 700.

Memory array 700 can be, for example, memory array 100
previously described in connection with FIG. 1. Although one
memory array is shown in FIG. 7, embodiments ofthe present
disclosure are not so limited (e.g., memory device 760 can
include more than one memory array coupled to controller
762).

Controller 762 can include, for example, control circuitry
and/or firmware. Controller 762 can be included on the same
physical device (e.g., the same die) as memory array 700, or

10

15

20

25

30

35

40

45

50

55

60

65

10

can be included on a separate physical device that is commu-
nicatively coupled to the physical device that includes
memory array 700.

Controller 762 can apply a number of pulses in accordance
with one or more embodiments of the present disclosure to the
memory cells in memory array 700. For example, controller
762 can apply the programming, stabilization, and/or pro-
gram verify pulses previously described in connection with
FIGS. 3, 4, 5, and/or 6 to the memory cells in memory array
700.

The embodiment illustrated in FIG. 7 can include addi-
tional circuitry that is not illustrated so as not to obscure
embodiments of the present disclosure. For example,
memory device 760 can include address circuitry to latch
address signals provided over I/O connectors through 1/O
circuitry. Address signals can be received and decoded by a
row decoder and a column decoder, to access memory array
700. It will be appreciated by those skilled in the art that the
number of address input connectors can depend on the den-
sity and architecture of memory device 760 and/or memory
array 700.

CONCLUSION

The present disclosure includes apparatuses and methods
including stabilization of resistive memory. A number of
embodiments include applying a programming signal to a
resistive memory cell, wherein the programming signal
includes a first portion having a first polarity and a second
portion having a second polarity, wherein the second polarity
is opposite the first polarity.

Although specific embodiments have been illustrated and
described herein, those of ordinary skill in the art will appre-
ciate that an arrangement calculated to achieve the same
results can be substituted for the specific embodiments
shown. This disclosure is intended to cover adaptations or
variations of a number of embodiments of the present disclo-
sure. Itis to be understood that the above description has been
made in an illustrative fashion, and not a restrictive one.
Combination of the above embodiments, and other embodi-
ments not specifically described herein will be apparent to
those of ordinary skill in the art upon reviewing the above
description. The scope of a number of embodiments of the
present disclosure includes other applications in which the
above structures and methods are used. Therefore, the scope
of'a number of embodiments of the present disclosure should
be determined with reference to the appended claims, along
with the full range of equivalents to which such claims are
entitled.

In the foregoing Detailed Description, some features are
grouped together in a single embodiment for the purpose of
streamlining the disclosure. This method of disclosure is not
to be interpreted as reflecting an intention that the disclosed
embodiments of the present disclosure have to use more fea-
tures than are expressly recited in each claim. Rather, as the
following claims reflect, inventive subject matter lies in less
than all features of a single disclosed embodiment. Thus, the
following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a separate
embodiment.

What is claimed is:

1. A method of operating a resistive memory cell, compris-
ing:

applying a programming signal to a resistive memory cell,

wherein the programming signal includes:
a programming pulse; and
a stabilization pulse.
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2. The method of claim 1, wherein the programming pulse
and the stabilization pulse have opposite polarities.

3. The method of claim 1, wherein the programming signal
includes a program verify pulse.

4. The method of claim 1, wherein the programming signal
includes an additional programming pulse.

5. The method of claim 4, wherein the stabilization pulse is
between the programming pulse and the additional program-
ming pulse.

6. The method of claim 4, wherein the stabilization pulse is
after the programming pulse and the additional programming
pulse.

7. The method of claim 1, wherein the programming pulse
has a shorter duration than the stabilization pulse.

8. The method of claim 1, wherein the programming pulse
has a greater amplitude than the stabilization pulse.

9. An apparatus, comprising:

an array of resistive memory cells; and

a controller coupled to the array and configured to apply a

programming signal to a selected cell of the array,
wherein the programming signal includes:

a programming pulse; and

a stabilization pulse after the programming pulse.

10. The apparatus of claim 9, wherein:

the programming pulse has a positive polarity; and

the stabilization pulse has a negative polarity.

11. The apparatus of claim 9, wherein:

the programming pulse has a negative polarity; and

the stabilization pulse has a positive polarity.

12. The apparatus of claim 9, wherein the stabilization
pulse is immediately after the programming pulse.
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13. The apparatus of claim 9, wherein the programming
signal includes a program verify pulse after the programming
pulse.

14. The apparatus of claim 13, wherein the stabilization
pulse is after the program verify pulse.

15. The apparatus of claim 9, wherein the array of resistive
memory cells is an array of resistive random access memory
(RRAM) cells.

16. A method of operating a resistive memory cell, com-
prising:

applying a programming pulse to a resistive memory cell;

and

applying a stabilization pulse to the resistive memory cell;

wherein the programming pulse and the stabilization pulse

have opposite polarities.

17. The method of claim 16, wherein applying the pro-
gramming pulse to the resistive memory cell programs the
cell to a resistance state corresponding to a target data state.

18. The method of claim 17, wherein applying the stabili-
zation pulse to the resistive memory cell stabilizes the pro-
grammed resistance state of the cell.

19. The method of claim 17, wherein applying the stabili-
zation pulse to the resistive memory cell prevents the target
data state of the cell from changing during subsequent opera-
tion of the cell.

20. The method of claim 16, wherein applying the stabili-
zation pulse to the resistive memory cell prevents formation
of weak conductive filaments in the cell during subsequent
operation of the cell.



